Sugar moieties of glycoproteins in silkworm hemolymph were examined with fluorescein isothiocyanate (FITC)-labeled lectins. The glycoproteins were separated by polyacrylamide gel electrophoresis (PAGE) and transferred to a hydrophobic polyvinylidene difluoride membrane. The membranes were treated with several kinds of FITC-labeled lectins. A glycoprotein of 130 kDa molecular weight was the principal glycoprotein on the electrophoretogram and was found to react well with lectins from Canavalia ensiformis, Lens culinaris and Pisam sativum. The silkworm hemolymph proteins including the 130k-glycoprotein did not react with lectins from Triticum vulgaris, Limulus polyphemus and Vicia villosa, while the control substances, sheep blood proteins and fetuin, a plasma glycoprotein from calf serum, reacted with the lectin from T. vulgaris. These findings indicate that the main terminal residue of the sugar side chains of the 130k-glycoprotein in the silkworm hemolymph is not N-acetyl neuraminic acid (NANA) or N-acetyl glucosamine but mannose or glucose or N-acetyl galactosamine.
INTRODUCTION
Glycoproteins in the silkworm hemolymph change quantitatively and qualitatively during development. Some glycoproteins in the hemolymph have been considered to play a role in insect development (Wyatt and Pan, 1978; Nagata et al., 1980; Tojo et al., 1980; Kato et al., 1982) , but their biological significance is not fully understood (Kunkel et al., 1980; Wojchowski et al., 1986) . Kato et al. (1994) reported that a 130k-glycoprotein in silkworm hemolymph might have some physiological role in silkworm metamorphosis and that it contained N-acetyl neuraminic acid (NANA) in its glycosyl side chain. However, others have reported the carbohydrate portion of insect hemolymph proteins to consist exclusively of mannose and N-acetyl glucosamine (Chen et al., 1978; Chinzei et al., 1990) . Warren (1963) surveyed the occurrence of NANA throughout the animal and plant kingdoms but did not detect NANA in silkworm larvae.
Lectins have been widely used to detect sugars in glycoproteins (Adair and Kornfeld, 1974; Peters and Goldstein, 1979) . Some lectins are available in fluorescein isothiocyanate (FITC)-labeled forms (Danguy et al., 1986) . In this study, sugars, including NANA, in the glycosyl side chains of glycoproteins in silkworm hemolymph were examined using FITC-labeled lectins.
MATERIALS AND METHODS
Silkworms, Bombyx mori (AsahiϫTokai), were reared on a diet purchased from Nihon Nosan Co. (Yokohama, Japan) in plastic boxes under a 12L : 12D photoperiodic cycle at 25°C. The first day after the fourth ecdysis was designated as day 0. The diet was changed to a fresh one every other day. The hemolymph was obtained by extrusion from the cut legs of day 3 and day 7 larvae. Each sample was immediately covered with toluene to prevent oxidation, then centrifuged at 3,000 rpm for 20 min to remove hemocytes. The 130k-glycoprotein was partially purified from day 7 larvae by the method of Kato et al. (1994) . Sheep blood (Japan Bio-material Center Co., Tokyo) and fetuin from calf serum (Sigma Chemical Co., St. Louis, U.S.A.) were utilized as positive controls for the detection of NANA with FITC-lectin.
PAGE was performed using a PhastGel gradient (10-15%) with a Pharmacia Phast System (Pharmacia Biotech AB, Uppsala, Sweden). Proteins separated on the gel were transferred to a hydrophobic polyvinylidene difluoride membrane (Hybond-P: Pharmacia Biotech AB) in a solution of 25 mM Tris, 192 mM glycine and 25% (v/v) methanol. The membrane was blocked with 1% (w/v) bovine serum albumin in phosphate buffer (pH 7.2) containing 0.9% (w/v) NaCl for 1 h at room temperature and washed three times with PBS containing 0.05% (v/v) Tween 20. The membrane was then treated at room temperature with an FITC-labeled lectin dissolved at 0.025% (w/v) in the same buffer. After 2 h, excitation was induced in the membrane with an ultraviolet lamp (maximum energy at 254 nm), and the membrane was photographed with Tri-X film through a green filter. (Ogata et al., 1975; Kunkel et al., 1980; Nagao et al., 1987) .
FITC-labeled lectins from Canavalia ensiformis, Lens culinaris, Pisam sativum, Triticum vulgaris, Limulus polyphemus and

RESULTS
Hemolymph proteins from day 3 and day 7 larvae and the partially purified 130k-glycoprotein from the day 7 larvae were separated by PAGE and stained with Coomassie Brilliant Blue R-250 (Fig.  1) . The main protein in the crude hemolymph samples had a molecular weight of 130 kDa.
Proteins on the gel were transferred to the membrane for sugar detection with FITC-labeled lectins from C. ensiformis, L. culinaris, L. polyphemus, P. sativum, T. vulgaris, and V. villosa. As seen in Fig.  2 , fluorescence due to FITC-lectin from C. ensiformis was detected for the silkworm 130k-glycoprotein along with day 3 and day 7 hemolymph proteins. Table 1 summarizes the reactivity of lectins to the day 3 and day 7 hemolymph proteins and partially purified 130k-glycoprotein. The lectins from C. ensiformis, L. culinaris and P. sativum showed remarkable binding to these proteins. The lectins from T. vulgaris, L. polyphemus and V. villosa did not exhibit any significant binding.
As controls, sheep blood proteins and fetuin, which are known to possess NANA, were subjected to PAGE together with the silkworm hemolymph proteins (Fig. 3A) , and sugar detection was done with the FITC-labeled lectin from T. vulgaris (Fig.  3B ). As seen in Fig. 3B , fluorescence due to the binding of FITC-lectin from T. vulgaris was observed for the sheep blood proteins and fetuin, but not for the partially purified 130k-glycoprotein and the larval hemolymph proteins.
DISCUSSION
Hemolymph proteins have been reported to drastically change in relation to the development stage of the silkworm (Wyatt and Pan, 1978; Tojo et al., 1980; Kato et al., 1982; Nakayama et al., 1990) . A glycoprotein with 130 kDa molecular weight in silkworm hemolymph was found as one of the major components in the hemolymph samples from day 3 and day 7 larvae, as shown in Fig. 1 . This 130k-glycoprotein is thought to have some physiological role in the 440 S. Nakayama et al. Fig. 1 . Polyacrylamide gel electrophoretogram of hemolymph proteins. Two micrograms each of protein samples were separated on a 10-15% gel and stained with Coomassie Brilliant Blue R-250. 1: partially purified 130k-glycoprotein, 2: hemolymph proteins from day 7 larvae, 3: hemolymph proteins from day 3 larvae. metamorphosis of silkworm. Kato et al. (1982 Kato et al. ( , 1994 reported this glycoprotein to possess hemagglutinating activity and attributed this to its lectinlike property of reacting with a specific sugar.
Proteins which can react specifically with a sugar residue have been suggested to be involved in endocytosis and the fluid defense mechanism (Kawasaki, 1993) . In general, there is a noticeable relationship between function and the carbohydrate moiety of glycoproteins (Ashwell and Harford, 1982; Wojchowski et al., 1986) . Therefore, the carbohydrate moiety in the 130k-glycoprotein may be related to silkworm development and thus be worth studying.
The carbohydrate moiety in insect hemolymph proteins is composed of only mannose and Nacetyl glucosamine (Chen et al., 1978; Chinzei et al., 1990) , and NANA was not detected in silkworm larvae (Warren, 1963) . However, Kato et al. (1994) reported that a 130k-glycoprotein from the larvae contained NANA. They employed the thiobarbituric acid method to determine the sugar, but this method is not very specific to NANA (Tuppy and Gottschalk, 1972) . For example, the sialic acid assay by the thiobarbituric acid reaction is well known to be interfered with by many naturally occurring compounds such as L-fucose, acetaldehyde, 2-deoxyribose, 3,5-deoxyhexoses and certain unsaturated lipids (Tuppy and Gottschalk, 1972) . Therefore, pretreatment of the sample with Dowex 2 is recommended to obtain a more accurate estimation of sialic acid content (Svennerholm, 1963) . Thus, to test the existence of NANA in the silkworm hemolymph, more specific methods are required. One promising approach is the use of lectins, which have been widely employed in the detection of sugars as a method with high specificity. Some lectins are available in FITC-labeled forms, which are excellent tools for detecting terminal sugars of glycoconjugates (Danguy et al., 1986) .
The 130k-glycoprotein in the hemolymph was the main component in the hemolymph samples from day 3 and day 7 larvae. The proteins including the 130k-glycoprotein could react with some FITC-labeled lectins. Figure 2 shows the results when the FITC-labeled lectin from C. ensiformis was applied to the blot of silkworm hemolymph proteins following PAGE separation. Several lectins were also employed, and the results are summarized in Table 1 . The proteins in the hemolymph, especially the 130k-glycoprotein, reacted well with lectins from C. ensiformis, L. culinaris and P. sativum, while they did not react with lectins from T. vulgaris, L. polyphemus and V. villosa. Sheep blood and fetuin, which were used as positive controls for the detection of NANA, gave fluorescence due to an FITC-lectin from T. vulgaris (Fig. 3B) . This did not occur with the silkworm hemolymph proteins under the same conditions. In addition, the hemolymph proteins reacted with neither L. polyphemus nor V. villosa lectins. Taken together, these results suggest that the silkworm he- Fig. 1 (A) , and the corresponding blot was treated with an FITC-labeled lectin from T. vulgaris (B). Two micrograms of protein samples were loaded on each lane. 1: partially purified 130k-glycoprotein, 2: hemolymph proteins from day 7 larvae, 3: hemolymph proteins from day 3 larvae, 4: fetuin (calf serum), 5: crude sheep blood proteins.
